10 



20 



30 



[Document Name] Publication of Japanese Patent Application 

[Publication Number] JP-A-72679/1986 

[Publication Date] April 14, 1986 

(Filling Number] 59-1192999 

[Filling Date] September 14, 1984 

[Applicant for Patent] 

[Domicile or Residence] 14 Iwaya, Shimohasumi Cho, 

Nishio City, Japan 

[Name] Nippon Soken, inc. 

Specification 



1. Title of the Invention 

Low Thermal Expansion Ceramic Sintered Body 
15 2. Claims 

( 1 ) A low thermal expansion ceramic sintered body comprising 
0.3-5.5% by weight (hereinafter referred to only %) of Li20, 
4.1-16.4% of MgO, 20.7-42.8% of AI2O3. and 46.3-70.1% of SiOj in 
the chemical composition, comprising 30% or more of cordierite 
and 5% or more of /?-spodumene serving as a primary component 
of the crystal phase, and having a coefficient of thermal expansion 
of 2 . 0 X 10"^/*C or less within the temperature range of 20**C-800**C. 

(2) A low thermal expansion ceramic sintered body according 
to Claim 1, comprising 0.7-4.3% of LiaO, 4.1-12.0% of MgO, 

25 22.1-38.7% of AI2O3/ and 53.8-66.7% of SiOa in the chemical 

composition, comprising 30% or more of cordierite and 12.5% or 
more of /?-spodumene serving as a primary component of the crystal 
phase, and having a coefficient of thermal expansion of 1.2 
Xio"^/*C or less in the temperature range of 20''C-800''C. 

(3) A low thermal expansion ceramic sintered body according 
to Claim 1 , comprising at least one kind of crystal phase selected 
from the group consisting of spinel, mullite, enstatite, and 
forsterite serving as a secondary crystal phase. 
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(4) A low thermal expansion ceramic sintered body according 
to Claim 2 , comprising at least one kind of crystal phase selected 
from the group consisting of spinel, mullite, enstatite, and 
forsterite in an amount of 26.5% or less serving as a secondary 
5 crystal phase. 

3. Detailed Description of the Invention 
[Field of Industrial Application] 

The present invention relates to a low thermal expansion 
ceramic sintered body that is effective as a structural material 
10 for a product of which high thermal shock resistance is required 
such as a catalyst carrier for purifying automobile exhaust gas 
or an element of heat exchangers. 
[Prior Art] 

Well-known low thermal expansion ceramics include ceramics 
15 that contain cordierite (2MgO • 2AI2O3 • 5Si02) r /?-spodumene (LizO • 
AI2O3 • nSi02, n=2-8) , eucryptite (LiaO • AI2O3 • 2Si02) / and aluminum 
titanate (Ti02 • AI2O3) , respectively, serving as a primary 
component . 

However, these low thermal expansion ceramics each have 
20 the following advantages and disadvantages. 

First, while the cordierite has the highest thermal and 
chemical stabilities among these four ceramics , it has the problem 
of having the largest coefficient of thermal expansion. 

Therefore, in order to reduce the thermal expansion of the 
2 5 cordierite , many studies have been performed . For instance ^ U . S . 
Patent No. 3, 885, 977 has reported a cordierite ceramic sintered 
body having a coefficient of thermal expansion of I.IXIO'^/'^C 
or less within the temperature range of 25*^0-1, 000°C in at least 
one direction, obtained by orientating the cordierite 
30 crystallites. 

However, because the cordierite ceramic sintered body 
having such orientation properties has a coefficient of thermal 
expansion that varies depending on the direction, the sintered 
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body cannot be used under conditions that are accompanied by severe 
thermal shock cycles. 

Regarding theoretical studies on the coefficient of thermal 
expansion of isotropic cordierite ceramic sintered bodies, M. 
5 E . Milbery and H . p • Blair ( Journal of The American Ceramic Society , 
Vol. 60, No. 7-8, Jul— Aug. 1977, p. 372-373) have reported that 
the coefficients are I.IXIO'^/^'C within the temperature range 
of 0''C-1,000**C. However, actually, the limit of the coefficient 
of the experimentally obtained sintered body is about 1 . 2 X 10"^/°C 

10 within the temperature range of room temperature to 1,000°C, and 
the coefficient of the practically obtained sintered body is 
barely about 1 • 6-1 . 8 X IQ-^/^c in reality . The cordierite sintered 
body having such a coefficient of thermal expansion cannot 
practically resist under the conditions exposed to sever thermal 

15 shock cycles, for instance, as the heat exchanger used for an 
automobile gas turbine engine. 

While /?-spodumene and eucryptite have the advantage of 
having an extremely small coefficient of thermal expansion, they 
have the drawbacks of having a low melting point, poor heat 

20 resistance, and poor chemical stability. 

Aluminum t it anate is the only ceramic that has a high melting 
point, but it has the following drawbacks. The titanate does 
not yield a dense sintered body, has the poorest mechanical 
strength among the above-mentioned four ceramics, is thermally 

25 unstable because of its decomposing at a comparatively low 

temperature, and has a thermal history in the thermal expansion 
curve . 

Thus, the known low thermal expansion ceramic sintered 
bodies did not include a sintered body that satisfies all of thermal 
30 expansion, thermal stability, chemical stability, and mechanical 
strength . 

[Problem to be Solved by the Invention] 

In view of the foregoing, the present invention is directed 
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to providing a dense-material low thermal expansion composite 
ceramic sintered body that has chemical and thermal stabilities 
that the cordierite possesses , an excellent low thermal expansion 
property that the /?-spodumene possesses^ and more excellent 
5 mechanical strength than these two ceramics possess. 
[Means for Solving Problem] 

The present invention provides a low thermal expansion 
ceramic sintered body principally comprising 0.3-5 .5% by weight 
(hereinafter referred to only %) of LiaO, 4.1-16.4% of MgO^ 

10 20.7-42.8% of AI2O3, and 46.3-70.1% of SiOs in the chemical 

composition, comprising 30% or more of cordierite and 5% or more 
of /?-spodumene, having a coefficient of thermal expansion of 
2.0X lO'^/^'C or less within the temperature range of 20*'C-800'*C, 
and having amelting temperature of 1 , 320''C or more . It is possible 

15 to make this sintered body contain at least one kind of third 
crystal phase selected from the group consisting of spinel, 
mullite, enstatite and forsterite, and it is possible to thereby 
increase its melting point. 

The above-mentioned ceramic sintered body more preferably 

20 principally comprises 0.7-4.3% of Li20, 4.1-12.0% of MgO, 

22.1-38.7% of AI2O3, and 53.8-66.7% of Si02 in the chemical 
composition, comprises 30% or more of cordierite and 12.5% or 
more of /?-spodumene, and has a coefficient of thermal expansion 
of 1 . 2 X lO'^/'^C or less within the temperature range of 20*'C-800**C. 

25 [Operation] 

It is possible to make the sintered body have excellent 
thermal and chemical stabilities by causing the sintered body 
to contain 30% or more of cordierite. Moreover, it is possible 
to reduce the coefficient of thermal expansion thereof more than 

30 in the case of containing only cordierite by causing the sintered 
body to contain 5% or more of ;5-spodumene. In addition, it is 
possible to improve the mechanical strength by combining 
cordierite and ^ -spodtamene . 
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Further, it is possible to make the coefficient of thermal 
expansion be 1.2X10"^/*'C or less by causing the sintered body 
to contain 12.5% or more of i5-spodumene. 

Furthermore, it is possible to prevent the lowering of the 
melting point when the amount of j3- spodumene crystals is 
increased, by causing the sintered body to contain spinel, mullite, 
enstatite , and f orsterite crystals . In order to make the sintered 
body have a coefficient of thermal expansion of 1.2X10"^/**C or 
less, and to make the sintered body maintain the melting 
temperature at about 1,320''C, the upper limit of the amount of 
the crystals of the above-mentioned spinel or the like is 26.5%, 
and more specifically the cordierite is 30%, the >ff -spodumene 
is 43.5% , and the mullite is 26.5%. 

Moreover, since combining the two crystals of cordierite 
and /?-spodumene causes the coefficient of thermal expansion to 
be not directional and thereby be almost the same value in all 
directions , the combination is effective in improving the thermal 
shock resistance of the sintered body. 
[Example 1] 

Water and a binder were added to a ceramic powdery raw 
material mixed such that the material had the chemical composition 
shown in the table of the attached paper , and the obtained mixture 
was mixed and kneaded. Then, the mixture was extrusion-molded 
into a sheet-shaped molded product shown in Fig. 1 by use of an 
extrusion die having a slit having a width of 3.5 mm and a length 
of 50 mm. The molded product was fired under the firing conditions 
shown in the table to thereby obtain each ceramic sintered body. 

On each of the obtained ceramic sintered bodies, the amount 
of the crystals was measured by use of the powder X-ray diffraction , 
the coefficient of thermal expansion in each direction within 
the temperature range of 20*'C-800*'C, the bending strength at room 
temperature, and the melting temperature were measured. The 
results shown in the table were obtained. 
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Herein, the coefficients of thermal expansion in the X, 
y, and Z directions are the coefficient of thermal expansion in 
the X direction (in the extrusion direction), the one in the Y 
direction (in the direction right-angled to the extrusion 
direction), and the one in the Z direction (in the thickness 
direction of the sintered body) of the sheet-shaped ceramic 
sintered body shown in Fig. 1 , respectively. Each of the samples 
for the measurement in the X and Y directions was cut from one 
sheet of the sheet-shaped ceramic sintered body, and was polished 
into a sample having a width of 4 mm, a length of 40 ram, and a 
thickness of 3 mm. The sample for the measurement in the Z 
direction was obtained by laminating a plurality of the 
above-mentioned sheet-shaped green bodies right after extrusion, 
pressure-welding the sheets into the shape shown in Fig. 2, then 
15 firing the shaped product, and polishing it into a sample having 
a length of 40 mm. 

The measurement of bending strength was done on the sample 
for the measurement of the coefficient of thermal expansion in 
the X direction by the three point bending test by use of Autograph 
20 (Shimadzu Corp.). The measurement was perfoirmed under 

conditions where the distance between the supports was 30 mm, 
and the crosshead speed was 0.5 iraa/minute. 

The synthetic cordierite powder shown in the table was 
obtained by grinding the sample of Comparative Example A. The 
25 reason why the synthetic cordierite powder was added is that the 
powder becomes the nuclei of the formation of firing reaction, 
and thereby the firing is accelerated. 

The obtained results are shown in the table. All of the 
samples according to the present invention have a coefficient 
30 of thermal expansion of 2 . 0 X IQ-^/'c or less within the temperature 
range of 20°C-800°C, no directivity, a melting temperature of 
1,320''C or more, and excellent mechanical strength. 

On the other hand. Comparative Example A consists of only 
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dordierite, has directivity with the coefficient of thermal 
expansion, and has insufficient mechanical strength. 

Comparative Example B does not contain cordierite , consists 
of almost only 0- spodumene, has poor mechanical strength, and 
5 has a low melting temperature. 

Comparative Example C contains littleLi^O, excessive AI2O3, 
and a little insufficient SiOa in the chemical composition. The 
sintered body thereof has the crystal structure of mullite serving 
as a primary component, a large coefficient of thermal expansion, 
10 and insufficient mechanical strength. 

Comparative Example D contains a little excessive MgO, and 
insufficient AI.O3 in the chemical composition. The sintered body 
thereof contains a small amount of cordierite crystals, contains 
f orsterite crystals , but has a low melting point . Moreover, the 
sintered body has a large coefficient of thermal expansion. 

Comparative Example E contains excessive LiaO in the 
chemical composition. The sintered body thereof contains few 
cordierite crystals, but it contains spinel. However, it has 
poor mechanical strength. 
20 [Example 2] 

Through use of Sample 2 of the present invention and 
Comparative Example A which have the same coefficient of thermal 
expansion in the X direction, selected from the ceramic sintered 
bodies shown in the table, column-shaped honeycomb structures 
having a cellular structure which has a pitch of 0.93 mm, a wall 
thickness of 0.13 mm, and 750 square cells per one square inch, 
with an outer diameter of 100 mm, and a height of 76 mm shown 
in Fig. 3 were fabricated. 

A thermal shock resistance test on each the honeycomb 
structure was done by five times repeating a thermal shock cycle. 
In one cycle the structure was inserted into an electric furnace 
maintained from room temperature to the predetermined temperature, 
heated therein for 50 minutes, then taken out quickly, and cooled 
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at room temperature for 50 minutes. 

The highest predetermined temperature at which all of the 
three specimens of each sample had passed the five cycles (the 
crack did hot occur) was evaluated for the temperature of thermal 
shock resistance . While the temperature was 1 , 050°C with Sample 
2 of the present invention, it was SOCc with Sample A. 

This is because Sample 2 of the present invention has almost 
the same coefficient of thermal expansion, not depending on the 
direction, and also has excellent mechanical strength. However, 
in contrast. Comparative Example A has a coefficient of thermal 
expansion varying, depending on the direction, and has low 
mechanical strength in addition to the large distortion by heat. 

As mentioned above, the low thermal expansion ceramic 
sintered body according to the present invention has an isotropic 
coefficient of thermal expansion, excellent mechanical strength, 
and at the same time a high melting point, even when the sintered 
body was worked into a honeycomb structure by means of anisotropic 
forming such as extrusion. Thereby the sintered body can be 
extremely suitably used as a catalyst-carrier for purification 
of automobile exhaust gas, and a heat exchanger. 
4. Brief Description of Drawing 

Fig. 1 is a view of an extruded ceramic sheet. Fig. 2 is 
a view of a laminate of ceramic sheets used for the measurement 
of the coefficient of thermal expansion in the direction 
right-angled to the extrusion direction, and Fig. 3 is a view 
of a ceramic honeycomb structure that was extruded. 

Representative: Kyuma Ito 

Patent Attorney 
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Fig.l Fig. 2 
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